A short review of simulation results of anti-proton-proton and anti-proton-nucleus interactions obtained with Geant4 FTF (Fritiof) model is presented. The model uses the main assumptions of the Quark-Gluon-String Model or Dual Parton Model. The model assumes production and fragmentation of quark-anti-quark and diquark-anti-diquark strings in the mentioned interactions. Key ingredients of the model are cross sections of string creation processes and an usage of the LUND string fragmentation algorithm. The determined cross sections and improvements of the algorithm allow to satisfactory describe a large set of experimental data, in particular, strange particle production, Λ hyperons and K mesons.
Introduction
Simulations of anti-proton and anti-nucleus interactions with protons and nuclei are needed for cosmic space experiments like PAMELA, BESS, AMS, CAPRISE and so on which are going to search for antinuclei in cosmic rays. They hope this will bring a new light on the question about anti-matter in our Universe. A detailed experimental study of anti-proton-proton and anti-proton-nucleus interactions is foreseen at the future FAIR facilities (GSI, Darmstadt, Germany) by the PANDA Collaboration. The accelerator experiments and the cosmic ray experiments need estimations of properties of the mentioned interactions (pA,ĀA) for reconstruction and identification of anti-nuclei and reaction products. This requires a computer code for a good simulation of the reactions. Recently, it becomes possible to simulate the interactions in the well-known Geant4 toolkit [1] . At a creation of the simulation code, we used the main assumptions of the Dual-Parton or Quark-Gluon-String model (DPM/QGSM) [2] . For calculations of anti-proton-nucleus cross sections, we used the Glauber approach [3, 4, 5] . An extension of DPM/QGSM for anti-proton-nucleus reactions was proposed also. The main simulation results and assumptions of the model well be presented below.
Main processes ofpp interactions
Usually, the following list of diagrams shown in Fig. 1 is considered in high energy phenomenology for anti-proton-proton interactions. The diagram "a" corresponds to string junction's annihilation with 3 quark-anti-quark string's creation. The string junction is a gluonic object which couples together quarks in baryon. It is presented by dashed line in the figure. The diagram "b" represents quark and anti-quark annihilation leading to diquark-antidiquark string creation. The diagram "c" corresponds to quark-antiquark and string junction's annihilations with creation of 2 quark-anti-quark strings. Diagrams "d" and "f" can be responsible for exotic meson production. The last diagrams at the bottom of the figure are important at high energies. They are connected with pomeron exchange in t-channel.
Energy dependencies of the cross sections of the processes in some cases are predicted by the reggeon phenomenology. They are also shown in the figure. An elaborated scheme for a calculation of the cross sections in the phenomenology was proposed in our papers [6, 7] . As was shown in the papers, the approach is valid at P lab > 3 GeV/c. Because experimental studies require much less energies, we undertook a new attempt to estimate the cross sections. It is presented in the paper [8] . 
Processes without annihilations dominate at high energies. They are presented in the bottom of Fig. 1 . Their cross sections can be described by
For a fragmentation of the strings, we use the standard LUND fragmentation algorithm implemented in Geant4.
All of these allows to simulate the main channels ofpp interactions (see Figs. 2 and 3). As seen, the estimated cross sections, the improved string fragmentation algorithm and the FTF model of Geant4 allow to describe general properties ofpp interactions. Thus, we conclude that the ex- isting phenomenology of anti-baryon-baryon annihilation and hadron-nucleon high energy reactions with corresponding cross sections can be considered as a unified base for understanding of thepp interactions.
3pA interactions
The first task in a simulation of the interactions is an estimation of anti-proton-nucleus and anti-nucleusnucleus interaction cross sections (total, elastic and inelastic). It is natural to use the Glauber approach for calculations of the cross sections. For the first time, a good description of elastic anti-proton-deuteron scattering was reached in the classical paper by V. Franco and R.J. Glauber [9] in 1966. After that, in 1985 O.D. Dalkarov and V.A. Karmanov [10] showed that elastic and inelastic (with excitation of nuclear levels) anti-proton scattering on C, Ca, and Pb nuclei are described quite well atp kinetic energies of 46.8 and 179.7 MeV within the approximation. The Glauber approach in the question was also used in many other papers. We applied the approach in our paper [11] and obtained the results presented in Fig. 4 . As seen, the agreement between the experimental data and the calculations is rather good. More details of the calculations and results are presented in [11] . A code for calculation of the total, elastic and inelastic cross sections of anti-protons and light anti-nuclei interactions with nuclei based on the Glauber approach is implemented in Geant4 toolkit. This code can be activated using PhysicsList FTFP BERT. It is known that a projectile can have multiple intra-nuclear collisions in a target at high energies, or involves some nuclear nucleons at the fast stage of interactions. Distribution on the multiplicity of the involved nucleon, ν, can be found applying the asymptotic Abramovsky-Gribov-Kancheli (AGK) cutting rules [12] to elastic scattering amplitude. For applications of the rules at low energies, we proposed [13] "finite energy corrections" to the rules, which decrease ν at low energies. These allowed to extend the FTF model to low energy domain.
In the first rough approximation, one can assume that an interaction of an anti-baryon with a nuclear nucleon is identical to the interaction with a free nucleon neglecting the binding energy of the nucleon, ∼ 10 MeV. Though, multiplicity of particles in hadron-nucleus interactions is larger than in hadronnucleon ones. This is explained by the secondary particles cascading within a nucleus. The existing intra-nuclear cascade models have passed a long history of development and allow to simulate meson and baryon interactions with nuclei satisfactorily. Two of such models are present in Geant4 -the Bertinilike cascade model (BERT) and the binary cascade model (BIC) [14] . There is also a simplified model -the precompound model interface (PRECO), which only absorbs low energy particles (E ≤ 10 MeV) produced by a high energy generator and located in a nuclear residual and ascribes them to the residual nuclei. The binary cascade model and the precompound model can be easily coupled with the FTF model. Therefore, we use in our following calculations two combinations of the models: FTF+BIC and FTF+PRECO 4 . FTFP demonstrates properties of interactions without intra-nuclear cascading. FTFB shows effects of the all cascading processes.
As seen in Fig. 5 , FTFB describes the general properties of anti-proton-nucleus interactions, qualitatively. FTFP gives low yields of protons and neutrons. Thus, accounting of the particle cascading is very important for a correct simulation of the reactions. GeV/c. The points are experimental data [15] . The lines are our calculations. The red and blue lines are calculations with FTFB and FTFP, respectively.
Strange particle production
One of the aims of the PANDA experiment is a study of properties of hyper nuclei. It is planned that hyperons will be produced at interactions of anti-proton with hydrogen or nuclear target and will be absorbed by another nucleus forming a hyper nucleus. To reach the aim, it is needed to estimate multiplicity of hyperons and correctly reproduce their kinematical characteristics. Thus, we calculated with the FTF model average multiplicities of Λ-hyperons and K 0 S -mesons in anti-proton-proton interactions and presented them in Fig. 6 . As seen, the model correctly reproduces the multiplicities below 10 GeV/c. At higher energies, the experimental data scatter too strongly, and it is complicated to draw a solid conclusion. The FTF model can also predict production of Σ ± 0 − and Ξ 0− − hyperons, as well as their anti-particles.
Λ-hyperons are mainly produced in the process of Fig. 1b at a creation of ss quark's pair in a diquarkanti-diquark string. The analogous pair production takes place in the process of Fig. 1e . It is responsible Λ andΛ productions in target and projectile fragmentation regions are connected with the processes p + p →Λ + Λ at low energies. At high energies, the processes can bep + p →Λ + K 0 + p + m π. As seen, K 0 mesons are mainly produced in the central region. It is natural at high energies. At low energies, K 0 mesons can be created in the processesp + p →Λ + K 0 + n orp + p →p + K 0 +K 0 + p. In Fig. 8 , we present properties ofp+Xe interactions at 200 GeV/c. As seen, the FTF model describes general features of strange particle production inp + A collisions. This takes place also at lower energies. 
Conclusion
The Dual Parton Model is implemented in the FTF model of Geant4 toolkit for simulations of anti-protonproton and anti-proton-nucleus interactions. The model reproduces general features of the anti-proton interactions with nucleons and nuclei starting from annihilation at rest up to ∼ 1000 GeV/c.
